Numerous studies have reported controversial associations of metabolic syndrome (MS) with type 2 diabetes and coronary artery disease (CAD) ([@B1]--[@B4]). Nonalcoholic fatty liver (FL) has been considered a hepatic expression of MS and has been suggested to be a key element in the development of type 2 diabetes and CAD ([@B5]). We studied the participation of FL in the association of MS with type 2 diabetes and subclinical CAD in subjects with no personal or family history of premature CAD.

RESEARCH DESIGN AND METHODS {#s1}
===========================

Participants were from the Genetics of Atherosclerosis Disease Study \[*Genética de la Enfermedad Aterosclerosa* (GEA)\], which was designed to examine the genomic bases of coronary heart disease in a Mexican Mestizo population. In this ongoing study, 1,500 control subjects aged 30--75 years are currently being recruited. From 918 control individuals enrolled in the GEA project by September 2011, 765 subjects for whom data were complete; who had no history of viral hepatitis, renal, malignant, or drug-induced liver disease; whose alcohol consumption was \<20 g/day; and who had a BMI \<40 kg/m^2^ and triglycerides \<6.78 mmol/L were selected.

Blood pressure and anthropometric and biochemical variables were measured. Central obesity was defined as waist circumference \>90 cm in men and \>80 cm in women. Metabolic syndrome was diagnosed on the basis of the presence of three or more of the following features: *1*) central obesity, *2*) triglycerides ≥1.695 mmol/L, *3*) HDL cholesterol \<1.03 mmol/L in men and \<1.29 mmol/L in women, *4*) glucose ≥5.55 mmol/L, and *5*) systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg ([@B6]). Subjects were considered to have type 2 diabetes when they either self-reported use of medication or had a fasting plasma glucose level ≥7 mmol/L ([@B7]).

Multidetector computed tomography is a validated method for identifying the presence of FL ([@B8]) and coronary artery calcification (CAC) ([@B9]). In this study, FL was defined by a liver-to-spleen attenuation ratio \<1.0 ([@B10]), and subclinical CAD was defined as positive CAC (score \>0.0), using a 64-slice scanner (Somatom Cardiac Sensation; Medical Solutions, Forchheim, Germany).

Subjects were classified in three groups: individuals with neither MS nor FL (control group), participants with MS but no FL (MS group), and those with MS plus FL (MS + FL). The effect of FL on the association of MS with the presence of type 2 diabetes and CAC was assessed by multivariate logistic regression analysis. Statistical procedures were performed using SPSS 15 software (SPSS, Chicago, IL).

RESULTS {#s2}
=======

The general prevalence was as follows: MS 43.9%, FL 21.3%, type 2 diabetes 9.4%, and positive CAC 29.8%. As shown in [Table 1](#T1){ref-type="table"}, type 2 diabetes showed an ascending tendency from the control, the MS, and the MS + FL group without sex differences. Compared with women, men had a higher prevalence of positive CAC in each of the three groups (*P* \< 0.05 in each case). Compared with the control group, men and women with MS had higher levels of adiposity, blood pressure, non-HDL cholesterol, triglycerides, glucose, insulin, and C-reactive protein. Also, the group with MS plus FL had higher concentrations of aspartate aminotransferase, alanine aminotransferase, and γ-glutamyl transferase, as well as lower values of HDL-C. The most prevalent MS component in the MS and MS + FL groups was central obesity, followed by high values of triglycerides, glucose, and systolic and diastolic blood pressure and low levels of HDL-C.
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The logistic regression analysis, adjusted for age, smoking, BMI, total cholesterol and C-reactive protein, showed that MS was associated with type 2 diabetes \[women odds ratio 8.0 (95% CI 2.6--24.7); men 8.3 (2.7--25.4)\]. This association was significantly higher in subjects with MS + FL \[women 10.6 (3.4--33.7); men 12.1 (4.1--36.1)\]. In addition, and despite the fact that MS alone was not found to be associated with CAC in either sex, the women with MS + FL had a higher probability of presenting CAC \[2.34 (1.07--5.12)\].

CONCLUSIONS {#s3}
===========

MS groups include metabolic disorders associated with insulin resistance and based on the lipotoxic hypothesis, which posits that the flow of free fatty acids from adipose tissue toward ectopic fat deposits can alter the via of the intrahepatic signaling of insulin ([@B5],[@B11]), it is possible that the combination of MS + FL favors the development of type 2 diabetes. In accordance with this, the data from the current study indicate---for the first time---that FL significantly increases the association of MS with type 2 diabetes in both sexes, even after adjusting for traditional risk factors. These findings are supported by previous epidemiological and animal studies, showing that hepatic steatosis may favor the development of type 2 diabetes ([@B5],[@B11]).

Our study shows that isolated MS is not independently associated with the presence of CAD. Consistent with findings of other studies, the prevalence of positive CAC was higher in men than in women ([@B12]). However, we found that FL significantly favored the association of MS with CAC only in women. Although the association of FL with CAC may be mediated by factors closely linked to FL, earlier data suggest that this association remains significant even after those factors are controlled for ([@B13],[@B14]). Therefore, these results support the hypothesis that FL may be not only a marker but even a direct mediator of atherosclerosis in women with MS ([@B15]).

The cross-sectional nature of the GEA study does not enable us to identify causality as it relates to the effect of FL on the association of MS with type 2 diabetes and CAD. In addition, the sample included only subjects who were free of personal or family antecedents of premature CAD; thus, our results may not be applicable to the general population. Finally, though we have no histological confirmation, FL can be easily diagnosed by computed tomography scan ([@B8]).

This study suggests that FL increases the strength of the association of MS with type 2 diabetes. Moreover, the combination FL + MS is independently associated with subclinical atherosclerosis in women.
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